Background-Fatigue is one of the most frequently reported, distressing side effects reported by cancer survivors and often has significant long-term consequences. Research indicates that yoga can produce invigorating effects on physical and mental energy, and thereby may improve levels of fatigue. The objective of this systematic review was to examine the literature that reports the effects of randomized, controlled yoga interventions on self-reported fatigue in cancer patients and survivors. The online electronic databases, PubMed and PsycINFO, were used to search for peer-
INTRODUCTION

Description of the Cancer-Related Fatigue (CRF)
Cancer and treatment for cancer often cause numerous physical and psychological problems that do not disappear with time, and can have negative effects on cancer survivors' quality of life. 1 Cancer patients commonly experience pain, depression, anxiety, and fatigue, which often continue even after the treatment is complete. 2 Fatigue is one of the most frequently reported, distressing side effects reported by cancer survivors and often has significant longterm consequences. [3] [4] [5] Cancer-related fatigue (CRF) has been defined by the National Comprehensive Cancer Network as a distressing, persistent, subjective sense of physical, emotional, and/or cognitive tiredness or exhaustion related to cancer or cancer-related treatment that is not proportional to recent activity and interferes with usual functioning. 6 The occurrence of CRF in the literature is variable and has been found to range from 4% to 91%, depending on the population and assessment methods. Out of all side effects, CRF has been identified as the most distressing symptom, and the one that leads to the greatest amount of interference with daily life. 7 
Description of Yoga Interventions Tailored for Cancer Patients
Complementary and alternative medicine (CAM) techniques are frequently used in cancer patients to help manage their distressing side effects. 8, 9 Such techniques include a broad array of heterogeneous treatments, ranging from herbal medicine to yoga. Yoga has recently undergone empirical investigation for use as a complementary or alternative therapy for patients with cancer, 10 and while the efficacy is still unclear, it is sometimes offered as a CAM for cancer patients.
Yoga is an ancient Eastern tradition that originated in India and consists of a combination of spiritual, moral, and physical practices aimed at attaining "self-awareness." The traditional Indian form of yoga encompasses several domains, including ethical disciplines, physical postures, and spiritual practices, with the goal of uniting the mind, body, and spirit for health and self-awareness. 10 There are a variety of types of yoga (Iyengar, Ashtanga, Hatha, Bikram, etc.), but the most common form adopted by Western society consists of three basic components, asanas (physicalposes), pranayama (breathcontrol), and dhyana (meditation). Specific postures are performed to help improve flexibility and strength, controlled breathing aims to increase focus and relaxation, and meditation aims to calm the mind. 11, 12 Yoga tailored for cancer patients aims to be a gentle practice that appropriately accommodates the needs of the patients. For patients, approval from an oncologist is typically needed before beginning the practice, and instructions are modified as needed to accommodate each individual patient's needs.
The Oncology Nursing Society's published guidelines recommend exercise as an evidencebased intervention for CRF. 13 A systematic review of the occurrence, assessment, and treatment of fatigue in cancer patients indicated that exercise might help prevent or treat fatigue in some subsets of cancer patients. 7 At least three recent systematic reviews have examined studies that examined physical and psychological effects of physical activity interventions in cancer populations. They all indicate that physical activity shows promising results for reducing cancer-related fatigue. [14] [15] [16] Physical exercise during treatment for breast and prostate cancer seems to cause no health risks and may lead to reductions in fatigue. 14 Research indicates that yoga can produce invigorating effects on physical and mental energy, which are similar to some of the effects of aerobic exercise, and thereby may improve levels of fatigue. 17 The degree to which the meditative component versus the exercise component of yoga contributes to such outcomes is not clear. Few studies have directly compared the physical fitness benefits of yoga practice as compared to standard exercise regimens, although there are indications from the literature that the benefits of yoga, at least for older adults, may exceed those of conventional exercise interventions for self-rated health status and aerobic fitness. 18 
Gap in Existing Reviews
There are a number of systematic reviews assessing the effect of physical activity interventions on CRF. 7, [19] [20] [21] There are also several reviews examining complementary therapies for CRF 21, 22 and more general psychological and physical effects of yoga in cancer patients. 10 There was one recent abbreviated systematic review in the format of a letter to the editor that addressed the topic of whether yoga can improve fatigue in breast cancer patients. 23 They identified six randomized controlled trials on the topic that included a total of 362 patients. They concluded that the evidence suggests possible beneficial effects of yoga on fatigue in cancer patients, but that evidence is limited by risk of bias. To date, there is no detailed systematic review that we are aware of that specifically examines the effects of yoga interventions on fatigue in cancer survivors.
Objective
The objective of this review was to examine the literature that reports effects of yoga interventions on self-reported fatigue in cancer patients and cancer survivors.
METHODS
Eligibility Criteria
Studies were included in this review if they met the following inclusion criteria: participants were male or female cancer survivors participating in randomized, controlled yoga interventions. The main outcome of interest was change in fatigue from pre-to postintervention. Interventions of any length were included in the analysis. Studies were excluded if they involved adjunctive interventions such as psychotherapy or nutritional consultation. Interventions based solely on meditation were not included. Case studies, conference abstracts, and non-experimental studies were also excluded.
Information Sources and Search Procedure
The online electronic databases, PubMed (1953-present) and PsycINFO (1806-present), were used to search for peer-reviewed research articles studying the effects of yoga interventions on self-reported fatigue in cancer survivors. The searches were last performed on May 31, 2012. Combinations of yoga, cancer, and fatigue-related search terms were entered simultaneously to obtain articles that included all three elements. Keywords entered as search terms included "(yoga OR yogic OR asana OR prana*) AND (fatigue OR exhaust* OR burnout OR letharg* OR weary OR weariness OR drows* OR tired*) AND (cancer OR metastatic OR leukemia OR lymphoma OR tumor OR oncology OR oncologist OR malignant OR malignancy OR chemotherapy OR radiation)." The reference lists of articles included in this review were also searched for relevant articles. The search was limited to English language articles that were accepted into publication into a peer review journal. All years available in the selected databases were included in the search.
Study Selection and Data Collection Process
Titles, abstracts, and keywords from the records retrieved from the searches were screened to determine whether they might meet inclusion and exclusion criteria. If a study appeared to meet the criteria, full text reports were read to determine eligibility and included in the review if they met all of the requirements. Studies were screened by the authors using a standard data extraction form consisting of the data items listed in the following section.
Data Items
The following information was gathered • General information: published/unpublished, title, authors, source, contact address, country, setting, language, year of publication, and source of funding.
• Study characteristics: design, randomization (and method if stated), allocation concealment, and blinding of outcome assessors.
• Participants: inclusion criteria, exclusion criteria, total number in intervention/ control groups, sex, age, baseline characteristics, cancer diagnosis, and similarity of groups at baseline. Number of participants who refused or were excluded from entering the study as well as number of withdrawals/losses to end of intervention follow-up. Reasons for discontinuation of all participants allocated to the intervention.
• Type of yoga intervention and comparator, frequency of yoga sessions, duration of study, assessment of adherence to intervention, training of yoga instructors, and use of a manual.
• Measures of fatigue: methods for assessing fatigue, as well as baseline and postintervention means with standard deviation (SD) for the intervention and control groups.
Risk of Bias in Individual Studies
Risk of bias was evaluated using the format of the Cochrane Collaboration's tool for assessing risk of bias, which uses seven specific domains as listed below:
• Random sequence generation (selection bias)
Low risk, unclear risk, and high risk Random sequence generation was rated as low risk if all the participants had the same possibility of being placed into treatment or wait-list, and if the investigator was unable to predict treatment allocation for each participant.
• Allocation concealment Low risk: randomization was assigned using serially numbered, opaque, sealed envelopes, and there appears to be evidence of convincing concealment 
Summary Measure
The principle summary measure was pre-to post-intervention difference in means of selfreported fatigue.
Risk of Bias Across Studies
Assessment of the risk of bias across studies was summarized using the Cochrane Collaboration's tool for assessing risk of bias across studies. 24 • Low risk: most information is from studies at low risk of bias.
• Unclear risk of bias: most information is from studies at low or unclear risk of bias.
• High risk: the proportion of information from studies at high risk of bias is sufficient to affect the interpretation of results.
RESULTS
Study Selection and Subject Characteristics
Forty-four non-redundant articles were identified, and 10 were potentially relevant after screening title and abstract ( Figure 1 ). All 10 articles met inclusion criteria and involved a total of 583 participants (Table 1) . Sample sizes across studies ranged from a low of 18 to a high of 164 ( Table 2) . Out of all 583 participants across the 10 included studies, only 17 (2.9%) were men. Eight of the studies included only women, one study 25 included 15 (38%) men, and one study 26 included only two (5%) men. The average age of participants was 54 years. Three studies did not report race or ethnicity. Of the other studies, 80-100% of the participants were Caucasian (see Table 2 ), with the exception of one study 27 that was 42% African American, 31% Hispanic, 23% Caucasian, and 4% other. Trail sample size ranged from 18 to 164 participants.
Cancer diagnosis-Eight of the studies involved only breast cancer patients. One study included 85% breast cancer patients and did not report the diagnoses of other participants. One study 25 included only participants with lymphoma. Studies included patients with various stages of cancer diagnosis, from stage I-IV, as well as patients with no active signs of cancer for at least two years (Table 3) .
Yoga intervention-There was no standard type of yoga intervention used throughout the studies; rather there were a variety of protocols with different components in each study (Table 4 ). The duration of the intervention and the frequency and length of yoga sessions were also variable across studies. Duration of the interventions ranged from six to 26 weeks, frequency ranged from one to five sessions per week, and length ranged from 60 to 120 min/ session (one study did not report length).
Fatigue-There was little consistency in method of assessing fatigue across studies (Table  5) . Fatigue was assessed with the Brief Fatigue Inventory in two studies, 25, 28 the Functional Assessment of Chronic Illness Therapy-Fatigue in two studies, 27, 29 Cella's Functional Assessment of Cancer Therapy-Breast (FACT-B), 30 European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ)-C30, 31 FACTFatigue, 32 the Fatigue Symptom Inventory (FSI), 33 the Rotterdam Symptom Checklist (RSCL), 34 and a telephone reported 0-9 scale in which higher scores reflected greater fatigue. 17 
Risk of Bias Within Studies
Random sequence generation
Selection bias: There appeared to be high risk of selection bias in the included studies. Only two studies 17, 34 included adequate description of the randomization process to suggest that all the participants had equal possibility of being placed into treatment or wait-list without the investigator being able to predict treatment allocation for each participant. Two studies used minimization, which is an adaptive assignment procedure intended to balance groups on selected patient characteristics. This type of assignment increases the chance that the investigator would be able to predict treatment allocation for each participant. Two studies used block randomization, which increases risk of bias. The remaining four studies made no mention of randomization procedures.
Allocation concealment
Selection bias: The risk of selection bias across studies was unclear, because only two of the studies mentioned using allocation concealment. 17, 25 Performance bias-There was a high risk of performance bias in the included studies. Due to the use of wait-list, health education, or brief supportive therapy as a control rather than comparative control groups, it was not possible for participants to be blinded to group assignment.
Detection bias and patient-reported bias-There was evidence of high risk of detection and patient-reported bias across most of the studies. Only two studies 17, 33 claimed blinding of outcome assessment, saying that the "research assistant collecting assessment data was kept blind with regard to patient condition assignments," and "outcomes assessors for the performance tasks were blinded to group assignment." One other study indicated blinding did not occur, 29 and the other studies made no mention of blinding at all.
Attrition bias-There was evidence of mixed high and low risk of attrition bias across studies. Four of the studies showed evidence of high risk of attrition bias, 17, 25, 30 five showed evidence of low risk, [27] [28] [29] 33, 34 and one did not provide enough detail to make a judgment. 31 Reporting bias-There was evidence of mixed high and low risk of reporting bias across studies. Three studies showed evidence of reporting bias by reported non-statistically significant trends. 29, 32, 33 The remaining seven studies did not appear to show evidence of reporting bias.
Other bias-There appeared to be low risk of other bias in the included studies. None of the studies provided evidence of other sources of bias such as financial conflicts of interest, which could influence the results. Summary risk of bias across studies-The risk of bias across studies was high. The proportion of information from studies at high risk of bias was sufficient to potentially affect the interpretation of results. Risk of bias was "high" for adequate selection, performance, detection, and patient-reported bias and "unclear" or mixed for attrition and reporting bias. Risk of bias was only uniformly "low" for other forms of bias including financial conflicts of interest (Figure 2) .
Results of Individual Studies
The effects of yoga on fatigue are presented in Table 6 . In four studies, the yoga group reported significant reductions in self-reported fatigue from pre-to postintervention. 17, 30, 33, 34 Using the Functional Assessment of Cancer Therapy-Breast (FACT-B) and averaging responses to fatigue-related items, Banasik et al., found a significant group-by-time interaction for fatigue score (P = .003). The yoga group reported less fatigue after yoga participation compared to baseline, while the control group fatigue scores worsened over the course of the study period (P = .003). Bower et al., used the Brief Fatigue Inventory and reported that yoga led to statistically significant improvements in fatigue severity from baseline to three-month follow-up in the treatment group versus control group (P = .032). Carson et al., used diary data collected via an interactive telephone voice system using 0-9 scales in which higher scores reflected greater amounts of fatigue. Carson et al., reported that the yoga group showed significant post-treatment improvements (P = .032) relative to the controls in level of fatigue, and these improvements were maintained at threemonth follow-up (P = .025). Vadiraja Four studies reported no significant changes in self-reported fatigue and no association between the number of classes attended and fatigue. 25, 28, 31, 32 Two of these studies used the Brief Fatigue Inventory (BFI), one used the EORTC QLQ-C30, and one used the Functional Assessment of Cancer Therapy-Fatigue (FACT-F).
DISCUSSION
While aspects of this reviews' findings suggest that yoga may have a beneficial effect on cancer-related fatigue, caution is warranted. One of the studies that reported positive findings only had 14 participants out of 18 completed the intervention, and a significant risk of bias was evident. 30 Also, training of the yoga instructor was not mentioned, and treatment manuals were not utilized. Vadiraja et al., reported positive findings and had a relatively low risk of bias, but they did not report using a manual for treatment, did not provide information on training of yoga instructors, and did not provide demographic information such as age and ethnicity of participants. Another study that reported positive findings had relatively low risk of bias and did use a manual and did report information about training of yoga instructors. 17 The study also included unique intervention components of study of relevant topics and group discussion that were not used in any of the other studies. A notable fact is that none of the studies reported an increase in fatigue in the yoga intervention group, which suggests that there is no evidence that yoga is detrimental for fatigue in this population.
Importantly, there was also evidence of significant reductions of fatigue among participants who attended a greater number of yoga classes. This observation was supported by a large sample size of 212 participants across three studies that completed the interventions. 17, 27, 29 All three provided information about training of yoga instructors, and two out of three used a manual.
There are some study limitations that need to be acknowledged. The conclusions were drawn from a sample of 583 participants across 10 studies who were primarily Caucasian female breast cancer patients. The characteristics of the sample and the data provided make it difficult to interpret the generalizability of the findings to women and men with other types of cancer. Also, patients with all stages of cancer at various phases of treatment were generally grouped together in comparison of means analysis, making it difficult to determine whether improvements were equal in each subgroup. In addition, the clinical relevance of our findings is not clear because a wide variety of measurement tools were used for assessing fatigue. Estimates of clinically important differences were not provided in the included studies. Finally, while two major databases (PubMed and PsycINFO) were searched, and reference lists for all relevant articles were checked, it is possible that articles were missed. Since the search was limited to articles written in English, it is also possible that articles originating in other countries such as India were left out.
CONCLUSIONS
Results of the studies included in this review suggest that yoga interventions may be beneficial for reducing cancer-related fatigue in Caucasian women with breast cancer. Since intervention adherence appears to be a key factor in successful fatigue reduction, it is important that cancer survivors choose an alternative therapy method that is the right fit for their personal needs and interests. Special care should be taken to look for ways to increase adherence.
Clearly, more well-constructed randomized controlled trials are needed to better determine the impact of yoga interventions on fatigue in cancer patients and survivors. Studies should expand recruiting efforts to groups other than Caucasian women with breast cancer. There are a wide variety of cancers affecting men and women of every race and ethnicity that deserve to be studied in order to receive the best possible treatment options. Variability in the quality and nature of the yoga interventions and inconsistency in the method of assessing fatigue make it difficult to systematically evaluate the effect of yoga on fatigue in cancer patients and survivors. Given the apparent variability in components offered in yoga interventions, it is important to examine which specific components of yoga are most beneficial in order to ensure that the most effective components are offered in treatment. A unified effort should be made to ensure that manuals and instructor training requirements are comparable across studies. Since each posture can then be adapted for each individual, it is important to start from a point of consistency. In addition, each individual's cancer stage and treatment phase should be included in analysis in order to determine whether improvements vary across subgroup. Also, since several studies reported greater decreases in fatigue in individuals who attended a greater number of classes, future studies should investigate factors associated with adherence to the intervention. Also, comparison studies should be conducted to determine whether yoga offers comparable fatigue reduction to that found in physical activity interventions and other CAM treatments. Healthcare providers should be clear about the evidence if suggesting yoga as a CAM for reducing fatigue in cancer patients or survivors. Risk of bias assessment. Table 6 Fatigue Measured Pre-and Post-Intervention
Pre-Intervention Post-Intervention
